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Motor assessment scale
scores as a measure of
rehabilitation outcome
foIIowing stroke
The purpose of this study was to investigate the
outcome of rehabilitation following
cerebrovascular accident (eVA) in one Sydney
unit. This unithasimplemented aphilosophy of
training based on a motor learning model for
rehabilitation proposed by Carr and Shepherd
(1987a and b). The proposed motor learning
model stresses the need for task and context
specific training of everyday actions. Data,
including patient characteristics and Motor
Assessment Scale(MAS) scores, were collected
through a ·retrospective audit of all patients
diagnosed as having a eVA and discharged
from the unit during 1989. The major finding of
this study was that, following rehabilitation
within a multi-disciplinary prograrr, patients
were able to improve their motor performance
as demonstrated by changes in MAS scores.
The measurement of outcome of rehabi Iitation
forthisunithas contributed to qual ityassuranee
by identifying motor tasks that warrant further
emphasis in training in order to improve upon
the reported outcome of rehabilitation.
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he purpose of this descriptive
study was to investigate the
outcome of rehabilitation
following cerebrovascular accident
(CVA) in one Sydney unit. Other
comparable studies have used a range
ofmeasures to evaluate outcome
following CVA and have demonstrated
varying results. For example, Andrews
et al (1982) measured change in
function of patients with severe
functional loss and found no
improvement in 47 percent of their
sample, despite long periods of
rehabilitation. Other investigators
have reported discharge location when
documenting outcome, and discharge
home has been reported to vary from
50 per cent (Becker etal 1986) to 82
percent{Silliman.etaI1987). In
addition, independent walking (with or
without a stick) as a measure of
outcome has been shown to vary from
26.7 per cent (Matsmura, 1987) to 64.9
percent (DoveetaI1984, Lehmann et
a11975) However, there is a paucity of
literature describing the functional
outcome of the affected upper limb.
One study by Parker etal (1986)
reported that few patients with severe
initial paralysis regained good function
of the arm and while 40 per cent of
patients showed an increase in motor
power, only 13 per cent changed their
function. Furthermore, Gowland
(1986) reported that 31 of 224 stroke
patients (13.9 per cent) reached the
final stage of the Brunnstrom-Fugl...
Meyer scale of recovery of upper limb
after stroke.
Carr and Shepherd (1987a and b)
have proposed a model for
rehabilitation to improve upon
apparent accepted norms of walking
deficiencies which required an·aid and
a non-functional upper extremity.
ThismotGr learning model is based on
theoretical and data-based material
from the movement sciences. They
have stressed the need for task and
context specific training of everyday
actions based on biomechanical models
of normal function (Carr and Shepherd
1987a and b). This paper describes
outcome following rehabilitation in a
unit which has implemented this
philosophy of training.
In this unit, patients who have had a
CVA spend the majority of the day
actively·participating in rehabilitation.
They participate in individual training
sessions with a physiotherapist (or
undergraduate student under
supervision) five days a week. Patients
also spend time each day (including
weekends) in organised but
unsupervised practice. In addition to
training everyday tasks,physiotherapy
intervention includes strategies that
address the issues of secondary
musculoskeletal changes. Patients in
the unit also participate ·intreatment
sessions organised by other members
of the multi-disciplinary team.
The issue of which measurement tool
to use when evaluating outcome of
rehabilitation is a complex one. The
clinician requires a valid and reliable
-
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The major finding ofthis study was
that following rehabilitation, eVA
patients were able to improve their
motor performance as demonstrated
by changes in MAS scores. It is often
difficult ·to compare specific measures
ofoutcome between studies as there is
no clear consensus on the definition of
..
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patients improved, and no patient
regressed. For each item of the MAS
the change in MAS score from
admission to discharge was statistically
significant when scores were compared
using the correlated scores t-test; Item
1 t(59) = -4..81,p < 0.001; item 2 t(59) =
-4.14,p < 0.001; item 3 t(64)=-7 ..02,
P< 0.001; item 4 t(64) = -8.39.,p <
0.001; item 5 t(64)'= -8.56,p < 0.001;
item 6 t(64)= -6.31,p < 0.001; item 7
t(64)= -5.65,p< 0.001; item 8 t(63) = -
4.70,p<·0.OOl. Table 2 outlines
specific details for each item, and
presents means and standard deviations
ofMAS scores on all eight items..
Figure 2 shows discharge MAS scores
relative to admission scores for the
eight items of the MAS. Each dot
represents one subject. As an example
to understand the figure, in item 1,
11 patients scored zero on admission.
On discharge, one patient remained on
zero (ie the dot remained in the square
on the diagonal line), five patients
scored six on discharge(ie they showed
marked improvem~nt) and the
remaining patients were distributed
between one to five. Marked
improvement was defined as changing
from zero or one on admssion to six on
discharge.
Discussion
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Patie.ntcharacteristics
LOCATION OF DISCHARGE
Age (years)
Time betweenCVAand
coIIlItiencement of
rehabilitation (days)
Length of rehabilitation (days) 71.1
Figure 1.
location of patients on discharge from the
unit.
The patient characteristics are
summarised in Table 1. The time
between eVA and the commencement
of rehabilitation varied with a mean of
40.6 days {±92.4 days). The average
length of rehabilitation (including
outpatient therapy) was 71.1 days (±
63 ..9 days). On discharge, 55 patients
(81 per cent) went home, nine (13 per
cent) went to nursing homes, two {3
per cent) went to hostels (one of whom
previously resided there), and two (3
per cent )went to rehabilitation units
overseas (Figure 1).
The major finding evident from the
MAS data was that for each item some
as part of their usual clinical practice,
measured the patients'motor
performance using the MAS. Scores
were recorded on admission, on
discharge and at regular intervals,
usually fortnightly. All raters had
~ previously demonstrated clinically
acceptable inter rater reliability (r =
0.80) in the use ofthe scale.
Results
Data were collected through a
retrospective study of all inpatients
diagnosed as having a CVA and
discharged from the unit. during 1989.
Data were not collected from patients
who participated only in outpatient
rehabilitation.. Data were collected
from all patients regardless of their co-
existing problems, some of which
included bilateral below knee
amputations, ·communication
difficulties such as global aphasia and
minimal English language skills. Data
were extracted· from 70 physiotherapy
files, 10 of which were incomplete (eg
two patients died prior to discharge).
Patient characteristics including age,
gender, date ofCVA, date of
commencement ofrehabilitation in the
unit, date ofdischarge and discharge
location were recorded.. Of the 70
patients, there were 44 males and 26
females with a mean age of65.9 years
(± 10.6 years).
Physiotherapists working on the unit,
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tool., The validity of measuring
physical signs and symptoms such as
range ofmotion. (ROM) and muscle
strength has been questioned Q"ette,
1985) as these measures give no
information regarding.the .ability of the
performer to co-ordinate multi-linked
segments to perform a purposeful task..
This may account for the proliferation
of functional scales which are used in
the clinic to measure the performance
of tasks.. The Motor Assessment Scale
(MAS) for stroke which was developed
by Carr and Shepherd (Carr et al 1985)
was used in the present study to
evaluate outcome.. The MAS is a brief
and easily administered assessment of
eight items of motor function.. Each
item is scored on a scale ranging from
oto 6.. Unlike many other functional
scales, this scale has face validity and
has been found to have concurrent
·validity (Poole and Whitney 1988).. It
is a useful· tool for the clinician as the
scores area direct reflection of the
goals of therapy.. In addition, the scal€
has been shown to have an inter .and
intra rater reliability of r=O.95 and
r=O.98 respectively (Carret aI1985).
Method
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Figure 2.
Discharge MAS scores relative to admission MAS scores for eight items of the .MAS. Onthe Yaxisis the discharge score, and the
admission score is on the X axis. Each dot represents one subject. Dots on the diagonal indicate no change, dots above indicate
improvement, whereas dots in the top left corner indicate marked improvement (ie 0/1 to 6).
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Table 2.
Changes in MAS scores for each of the eight hems of the.MAS.
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within the unit is one factor
responsible for the reported outcome.
In addition,measurement of the
outcome of rehabilitation can
contribute to quality assurance. This
process is useful in any clinical setting
as it can identify specific tasks that
warrant further emphasis in training.
For example, on examination of scores
recorded for item 5 (walking) it would
appear that within this unit more
training of ascent and descent of stairs
is required. Furthermore it has been
suggested that physiotherapists, as
applied movement scientists, need to
examine current scientific literature in
order to .evaluate the theoretical
assumptions underlying current
intervention and to draw further
implications for the clinic (Carr and
Shepherd 1989, Gordon 1987). One
vital contribution to this process is the
ongoing collection of data which
records the outcome ofrehabilitation
that has resulted from this process of
critical evaluation (Carr and Shepherd
1987a and b). A future direction for
this unit will be to document
information which describes the
amount and conditions ofpractice in
order to assist in identifying the critical
features of intervention that contribute
to marked improvement.
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documentation of changes in motor
performance in various tasks.
Nevertheless, a few issues arose as a
result of examination of the data.
Firstly, for patients who scored six on
various items on admission but
required further training, other
measures were necessary in order to
evaluate outcome. For example,
measures of step length, width of base
of support and time taken to walk 10
metres may ·also be used to measure
walking performance. Secondly, these
findings indicate there was a
polarisation ofscores for item 8
(~dvanced hand activities) with 82 per
cent of subjects scoring either zero or
six on discharge. Some of the subjects
in the present study who scored six
were unable to satisfy the criteria to
obtain scores of three.and four. It may
be useful to document patients'
progress through the categories of item
8 (advanced hand activities) to
determine if the ordering of the tasks
reflects patients' progress.
The information derived from this
study contains implications that are
relevant for the clinician. The motor
training that all subjects participated
in, within the multi-disciplinary
rehabilitation program, was based on a
motor learning model that was
proposed hy Carr and Shepherd (1987a
and b). It is probable that the task and
context specific trainingimplemented
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some terms. For example,
independent walking contains no
information regarding an individual's
walking speed, endurance or ability to
match performance to environmental
demands. In the present study, 80 per
cent of the subjects on discharge could
walk at least three metres
independently with or without an aid
(ie scored three or above). This
finding surpasses the results of 26.9 per
cent and 64.9 per cent reported by
Matsmura (1987) and Dove et al (1984)
respectively. Furthermore, 69 per cent
ofsubjects were able to walk without
an aid at speeds equal to or greater
than 0.3m/s.
The results also suggest that a non-
functional upper extremity should no
longer bean accepted norm. On
discharge from the unit, 52 per cent of
patients were able to perform the
functional task of combing the back of
theirhair·with·the affected hand, ie
they scored 6 for item 8 (advanced
hand activities). The results of items 6,
7, 8 (upper arm function, hand
movements and advanced hand
activities) demonstrate that reasonable
improvement in the use of the affected
upper extremity is possible.
Interestingly, of those patients who
improved in the upperextrernity items
(items 6, 7,8)some improved
markedly (3 percent, 7 per cent.and 18
percent respectively). These results
appear to suggest a better outcome
than.that reported by Gowland (1986)
and.Parker et al (1986). It would be
useful to collect further patient
characteristics such as CAT scan
reports and to correlate these findings
with MAS scores to identify if a
relationship exists between site and
extent of lesion and those subjects
whose MAS scores did not change.
Finally, 81 percent of patients in the
unit were discharged home. This
result was better than the 50 per cent
reported by Becker and·colleagues
(1986) and similar to the 82 per cent
reported by Silliman and colleagues
(1987).
The MAS was found to be a valuable
tool for evaluating outcome following
rehabilit3:tionas it enabled the
AUSTRAliAN rHYSIOTHERAPY
Acknowledgements
The authors wish to thank Louise
Ada for her assistance and
encouragement in the preparation. of
this paper, and Eugene Chekaluk for
his valuable advice and assistance with
the statistical sections of this paper.
Our thanks also go to the staff and
patients of the neurological unit of
Royal South Sydney Hospital, in
particular·to Ingrid Arnott and
Gregoria Raisis for their assistance
with data collection. 1Lastly, we would
like to acknowledge the others who
have made valuable comments and
suggestions including Norman Morris,
Janet Carr, Roberta.Shepherd and
Colleen Canning.
References
AndrewsK, Brocklehurst JC, Richards B, and
LaycockPJ (1982): The recovery of the
severelydisabledstroke patient. Rheumatology
and Rehabilitation 21:225~230.
BeckerC, HowardG, McLeroyK, Yatsu F, Toole
J, Coull B, Feibel J, and Walker M (1986):
Communityhqspital-based stroke programs:
North Carolina, Oregon, and New York II:
Description of Study Population. Stroke 17:
285-293.
CarrJH andShepherd RB (1989): Amotorlearning
model for stroke rehabilitation. Physiotherapy
75: 372-380.
Carr JHand Shepherd RB(1987a): A motor
releamingmodelfor stroke. (2nd ed.) London:
Heinemann Physiotherapy.
Carr JH and ShepherdRB (1987b): A motor
learning model for rehabilitation. In Carr
JH, Shepherd RB, Gordon J ,Gentile AM,
and HeldJM: Movementscience:foundations
for physical therapy in rehabilitation.
London: Heinemann Physiotherapy, pp. 31-
91.
CarrJH, Shepherd RB, NordholmL, and Lynne D
(1985): Investigation ofa new motor
assessmentscale for stroke. Physical Therapy
65: 175-180.
Dove H, Schneider K, and Wallace J (1984):
Evaluating and predicting outcome ofacute
cerebralvascularaccident. Stroke15: 858-863.
GordonJ (1987): Assumptionsunderlying physical
therapy intervention: Theoretical and
historical perspectives. In CarrJH, Shepherd
RB, Gordon J,Gentile AM, and Held JM:
Movementscience: foundations for physical
therapy in rehabilitation. London:
Heinemann Physiotherapy, pp.1-30.
Gowland C (1986): Predicting the outcome of
stroke. In Banks, M (Ed.): International
perspectives in physical therapy 2: Stroke.
Edinburgh: Churchill Livingstone, pp. 17-
47.
o RI GI N A1 ART Ie 1E
Jette AM (1985): State ofthe art in functional status
assessments. In Rothstein J (Ed.):
Measurementin physicaltherapy. NewYork:
Churchill Livingstone, pp.137-168.
LehmannJF, DeLateurB], FowlerRS, Warren
CG, ArnholdR, Schertzer G,Hurka
R,Whitmore JJ, Masock AJ, and Chambers
KH (1975): Stroke: Does rehabilitation affect
outcome? Archives of Physical Medicine and
Rehabilitation 56: 375-381.
Matsmura S (1987): Effect of physical therapy on
elderly hemiplegic patients. Proceedings of
Tenth International Congress World
ConfederationforPhysical Therapy. Sydney,pp.
985-989.
Parker VM, Wade DT and Langton Hewer R
(1986): Loss of arm function after stroke:
Measurement, frequency and recovery.
International Rehabilitation Medicine 8:69-73.
PooleJL andWhitneySL (1988): Motorassessment
scale for strokepatients:Concurrent validity
and interrater reliability. Archives ofPhysical
Medicine and Rehabilitation 69: 195-197.
SillimanRA, Wagner EH and FletcherRH (1987):
The social and functional consequences of
stroke forelderlypatients. Stroke 18: 200..203.
